iO/5268E7 

DT15Rec'dPCT/PT0 0 '4 MAR 2005 



1 



DECALCIFICATION METHOD OF AN AQUEOUS SOLUTION AND USE OF 
THIS METHOD FOR THE DECALCIFICATION OF WHEY OR A PERMEATE 

OF WHEY ULTRAFILTRATION 

5 

The present invention relates to a decalcification 
method of an aqueous solution comprising multivalent 
cations Ca^"*" and Mg^"*" and anions able to form complexes with 
at least a part of said multivalent cations, such as phos- 

10 phate, lactate or citrate anions. 

In the dairy industry^ as in many other industries, 
the presence of calcium and/or magnesium in liquids to be 
treated restricts -some operations and particularly the op- 
erations of concentration of these liquids. 

15 Thus, for instance, in the case of the production of 

crystallized lactose from whey, the presence of calcium in- 
terferes with the concentration of this whey and limits the 
quality of the lactose produced due to a co-precipitation 
of calcium salt. 

20 The presence of calcium and/or magnesium also re- 

strains the use of the separation methods used for the pu- 
rification, such as the electrodialysis or the. chromatogra- 
phy. ' . 

Several techniques have been used in the past to 

25 eliminate the Ca^"^- and Mg^"^ ions contained in an aqueous me- 
dium. 

It is in particular a question - of techniques using 
strong cationic resins of which the counter-ion is Na"*" or 
K"^, for the decalcification (softening) of water or juice, 
30 in particular in sugar refinery. 

The elimination of the Ca^"*" and Mg^"^ ions makes it 
possible to improve the performances of the methods down- 
stream, by limiting risks of precipitation of insoluble 
salts. 

35 During the water or juice percolation through these 

strong, cationic resins, the Ca^"^ and Mg^"*" ions contained in 
this water or juice, are exchanged with Na"^ or K*^ ions of 
the resins. 
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When these latter are saturated, they are regenerated 
by the passing through them a NaCl aqueous solution or an 
aqueous solution containing Na"*" or K"*" ions. There is then 
exchange of the Na"*" or K"^ ions of this solution with the 
5 • Ca^"^ and Mg^"^ ions which attached to the resins. 

It will however be noted that in the case of wheys 
for instance, and in particular sweet wheys, the decalcifi- 
cation by means of cationic resins of which the counter-ion 
is Na"^ or K"*", following the cycle known as softening cycle, 
10 becomes difficult due to the formation of complexes between 
the Ca^^ and Mg^"^ ions and the anionic portion of some ac- 
ids, generally weak, of which the most well known * are phos- 
phoric acid and some organic acids such as citric acid and 
lactic acid. 

15 The Ca^"^ and Mg^"*" ions thus complexed are therefore 

much less available for an exchange with the Na"^ or K"*" ions 
of the resins and the decalcification yields ' are therefore 
reduced. 

In order to get round this difficulty, we had re- 
20 course to weak cationic resins, known as chelating, having 
more affinity with the Ca^"^ and Mg^"^ ions than the aforemen- 
tioned strong cationic resins. 

However, when the counter-ion of these resins is Na"^ 
or K"^, their regeneration is costly, because they require a 
25 first regeneration with an acid, generally hydrochloric 
acid or sulfuric acid, to replace by H"^ ions the Ca^"^ and 
/Mg^"^ ions attached by these resins, then a second regenera- 
tion with soda or potash to replace the H"^ ions by Na"^ or K*^ 
ions. 

30 The total demineralization of wheys is sometimes con- 

templated by passage in series at first through a cationic 
resin of which the counter-ion is H"^,. which may be regener- 
ated with an acid, then through an anionic resin of which 
the counter-ion is OH", which may be regenerated with a 

35 base. 

During the percolation of wheys through the cationic 
resin, the Ca^"*" and' Mg^"^ ions replace the H"*" ions attached 
to the resin. It results in a substantial drop of the pH of 
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the wheys in treatment, drop which has for effect to de- 
stroy the aforementioned complexes between the Ca^"^ and Mg^"^ 
ions and the phosphate anions and/or* the organic acid ani- 
ons (lactate, citrate, etc.) contained in said wheys. 
5 These Ca^"^ and Mg^"** ions are then available for the ion ex-, 
change . 

^If with such a method, an almost pure lactose solu- 
' tion can actually be produced, this method is nevertheless 
costly in chemicals and produces important volumes of ef- 
10 fluents. Moreover, this technique is not very selective and 
eliminates in not very differentiated manner all the ion 
species whatever their impact is on the methods downstream. 

The aim of the present invention is therefore to pro- 
vide an effective decalcification method, but without pre- 
15 senting the disadvantages aforementioned of the methods 
. previously known. 

More precisely, the present invention relates to a 
method such as defined in the first paragraph of the pre- 
sent description and which is characterized in that it com- 
20 prises the operations: 

(a) of replacement of at least a part of said anions 
able to form complexes of the aqueous solution by 
monovalent anions such as CI" npn-able to form 
such complexes, and 
25 (b) of replacement of at least a part- of said multi- 

valent cations of the aqueous solution by monova- 
lent metal cations, such as Na"^- and/or K"^, 
operation (b) being performed simultaneously to operation 
(a) or performed on the aqueous solution having undergone 
30 operation (a)". 

It has actually been highlighted that the replacement 
of at least a part of the anions able to form complexes 
with the multivalent cations, by monovalent anions non-able 
to form such complexes, prior or simultaneously to the re- 
35 placement of the multivalent cations (Ca^"^ and Mg^"^) by 
monovalent metal cations (e.g. Na"^ or K"^) , i.e. prior or 
simultaneously to the actual decalcification, could greatly 
improve the decalcification yields. 
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It will actually be understood that by specifically 
replacing the anions forming complexes with the multivalent 
cations, by monovalent anions not likely to form such com- 
plexes, these complexes will more or less be destroyed and 
5 the availability of the multivalent cations of the solution 
to be treated will thus increase, which can therefore be 
replaced more easily by the monovalent metal cations of the 
resin. 

It will be noted that in the method according to the 

10 invention, there is not exactly demineralization, but only . 
replacement of some undesirable ions (multivalent cations) 
by other metal ions more neutral for the continuation of 
the treatment of the aqueous solution concerned. 

According to an embodiment of the invention, opera- 

15 tion (a) comprises the processing of said aqueous solution 
by an anionic resin of which the counter-ion is a monova- 
lent anion non-able to form complexes with said multivalent 
cations, and operation (b) comprises the processing of said 
aqueous solution by a cationic resin of which the counter- 

20 ion is a monovalent metal cation. 

It will be added that the anionic resin and the cati- 
onic resin are preferably a strong anionic resin and a 
strong cationic resin, respectively. 

As an example of a strong anionic resin, we will note 

25 the IRA 458 resin from American company Rohm and Haas, and 
as an example of a strong cationic resin, we will note the 
SRI LNA resin of this same company. 

Moreover, when the aqueous solution to be treated 
further comprises monovalent anions non-able to form com- 

30 plexes with said multivalent cations, it will be advanta- 
geous to select as a counter-ion of the anionic resin, an 
anion of the same type as the monovalent anions contained 
in said aqueous solution. 

Also, when this aqueous solution further comprises 

35 monovalent metal cations (such as Na"*" and/or K"*") , it will 
be advantageous to select as a counter-ion of the cationic 
resin, a cation of the same type as the monovalent metal 
cations contained in said aqueous solution. 



7251PCT 



5 



The method according to the present invention can 
further comprise an operation (c) of regeneration of the 
anionic resin and/or the cationic resin by means of a re- 
generation agent ; this procedure may be performed in se- 
5 ries on the anionic resin then on the cationic resin or in 
parallel respectively on the anionic resin and the cationic 
resin . 

It will be specified that the regeneration agent will 
preferably be an aqueous solution comprising a dissolved 
10 salt of which the cation is of the same type as the monova- 
lent metal cation forming the counter-ion of the cationic 
resin and/or of which the anion is of the same type as the 
monovalent anion forming the counter-ion of the anionic 
' resin. 

15 It will be noted that depending on the ionic composi- 

tion of the aqueous solution to be treated, a pH adjustment 
of the regeneration agent can be necessary to prevent any 
risk of precipitation of calcium salt or insoluble, magne- 
sium. Thus, if for instance said aqueous solution to be 

20 treated contains calcium phosphate, the pH will be adjusted 
by adding an acid, particularly phosphoric or hydrochloric 
acid. 

The present invention moreover comprises the use of 
the above method for the decalcification of whey or a per- 

25 meate resulting from the ultrafiltration of a whey,' this 
whey and this permeate comprising Ca^"^ and Mg^"^ ions, Cl~ 
anions, Na"^ and K"^ cations and anions selected from the 
group consisting of phosphate anions, anions from organic 
acids able to form complexes with the Ca^"*" and Mg^"^ ions and 

30 their mixtures. 

In such an application, the monovalent anion forming 
the counter-ion of the anionic resin is preferably the CI" 
anion and the monovalent cation forming the counter-ion of 
the cationic resin is preferably the Na"*" or K"^ cation, and 

35 the regeneration agent is then preferably an aqueous solu- 
tion of NaCl or any available aqueous effluent containing 
Na"*" and/or K"^ and CI" ions. 
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The table below presents the performances obtained on 
a sweet whey to be decalcified, on one hand, by a treatment 
with a single ■ decalcification resin (strong cationic resin: 
CF system) and on the other hand, with a strong anionic 
5 resin AF followed in series by a strong cationic resin CF 
(AF-CF system) , with the fluid used for the regeneration of 
these resins being an aqueous solution of NaCl and/or KCl . 



Table 



Q \7 C5 "H tarn 
O _y o L. ClU 






Volume .passed through the res- 
ins (in bed volumes) 


26 


35 


Ca^"*" and Mg^"*" in the solution to 
be treated (meq./l) 


25 


25 


Ca^"^ and Mg^"^ in the exit efflu- 
ent (meq./l) 


6 


2 


Decalcification ratio (%) 


76 


92 


Effective capacity 
(eq./l of cationic resin)* 


0. 50 


0.80 


Regeneration level 
(eq./l of cationic resin)** 


2.4 


2.4 


Regeneration yield (%) 


20 . 8 


33 . 3 



quantity of Ca^"^ and/or Mg"^ ions fixed by liter of^ 



10 cationic resin 

** quantity of Na"^ or K"^ ions used for the regeneration 
of a liter of cationic resin 

This table shows that the passage in series of the 
solution to be treated through the AC-CF system allows much 
15 higher decalcification ratios than those obtained with the 
CF ■ system. 

It becomes apparent also that the regeneration yield 
of the resins is better with the AF-CF system. This is a 
very important point; in fact when, for said regeneration, 
20 we only have a regeneration agent of which the monovalent 
anions and cations content is limited, we can avoid adding 
make-up monovalent anions and cations to the regeneration 
agent, which would be impossible to do with the use of the 
CF system. 
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